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(54) DESULFURIZATION OF FEEDSTOCK 
HYDROCARBON FOR FUEL CELL 



reformed into a fuel gas composed mainly of hydrogen by 
a steam reforming reaction, it is brought into contact with 
a desulfurizing agent consisting of copper, nickel, and 
zinc oxide and prepared by co precipitation. 



PURPOSE: To develop a desulfurizing agent which COPYRIGHT: (0)1 994, JPO&Japio 

makes it possible to efficiently and sufficiently remove 

sulfur compounds from hydrocarbons even under 

relatively low pressure to thereby provide a desulfurizing 

method wherein the desulfurizing agent is used to 

efficiently remove sulfur compounds from feedstock 

hydrocarbons for various fuel cells and which can be 

advantageously utilized for a fuel cell system. 

CONSTITUTION: Before feedstock hydrocarbon is 
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(54) DESULFURIZATION OF FEEDSTOCK HYDROCARBON FOR FUEL CELL 

(57)Abstract: 

PURPOSE: To develop a desulfurizing agent which makes it possible to efficiently and sufficiently remove 
sulfur compounds from hydrocarbons even under relatively low pressure to thereby provide a desulfurizin 
method wherein the desulfurizing agent is used to efficiently remove sulfur compounds from feedstock 
hydrocarbons for various fuel cells and which can be advantageously utilized for a fuel cell system. 
CONSTITUTION: Before feedstock hydrocarbon is reformed into a fuel gas composed mainly of hydrogen 
by a steam reforming reaction, it is brought into contact with a desulfurizing agent consisting of copper, 
nickel, and zinc oxide and prepared by coprecipitation. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The desulftirization method of the hydrocarbon raw material for ftiel cells characterized by making the 
devulcanizing agent which consists of the copper, the nickel, and the zinc oxide which preceded reforming to the fue 
gas of a hydrogen principal component, and manufactured the hydrocarbon raw material by the coprecipitation meth 
by the steam-reforming reaction contact. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] When this invention is said in more detail about the desulfurization method of the hydroc^ b 
raw material for fuel cells, it relates to the efficient desulfurization method of the hydrocarbon raw material whi^KTs 
the method which converts hydrocarbons into the fuel gas of a hydrogen principal component by the steam-reformin 
reaction at least, and is used very in favor of the fuel cell system using the obtained hydrogen as fuel. 
[0002] 

[Description of the Prior Art] The fuel cell which uses hydrogen as fuel is already put in practical use, and spread wi 
be expected increasingly from now on. Although the hydrogen or hydrogen content fuel gas used for this fuel cell ca 
be obtained by various kinds of methods, as a general-purpose fuel cell system, the method of acquiring by [, such as 
lamp oil and naphtha, ] carrying out steam reforming of this according to a suitable catalyst comparatively, using the 
hydrocarbons of **** as a raw material attracts attention. Moreover, since a carbon monoxide etc. is generated other 
than hydrogen, while carrying out denaturation processing of the product of this steam-reforming reaction according 
a still more suitable catalyst, making a carbon monoxide react with water by the water gas shift reaction, changing in 
a carbon dioxide and hydrogen and raising the yield of hydrogen further generally at the steam-reforming reaction of 
hydrocarbons, it is detrimental and, generally reducing the carbon monoxide which tends to cause [ of a fuel cell 
electrode ] an activity fall is also performed. 

[0003] Thus, the fuel cell system which uses the hydrocarbons possessing the steam-reforming means and the 
denaturation means as a raw material is developed, and the spread is advanced. 

[0004] In such a fuel cell system, as a hydrogen manufacture raw material by steam reforming, although various kind 
ofixdracaihmis (hydrocarbon content gas and synthetic petroleums, such as natural^gas^and town gas etc.) including 
petr oleum s ystem hydrocarbons, such asTPG, naphtha^^ 
the sulfur content of concentratioii also'with'tfie still more^ remaxk^Je thing o^^ 

Hy^or^irii^js2fi case of lamp oil (commercial desulfurization lamp oil), the seve 

ppm - about 100 ppm sulfur content is usually contained. Also with an organosulfur compound, unless 
hydrodesulfurization removes from a system also as a hydrogen sulfide, this sulfur content serves as catalyst poison 
a steam-reforming reaction catalyst or a denaturation catalyst, and does a bad influence, such as reducing the activity 
a fuel cell electrode. 

[0005] So, in the fuel cell system which uses such hydrocarbons as a raw material, it is technology important for 
protection of a latter steam-reforming catalyst, a denaturation catalyst, and an electrode to fully remove the sulfur 
content in a raw material. In addition, as for a sulfur content, it is desirable to usually decrease to 0.1 ppm or less in 
advance of a steam-reforming reaction. 

[0006] as the method of removing the sulfur content in a raw material in such a fuel cell system — coal-for-coke- ^ 
making-ized hydrogen ~ a suitable desulfurization catalyst ~ hydrodesulfurizing - an organosulfur compound ~ 
adsorption-treatment plain-gauze cone H2S ~ replacing with - this - it is thought that the way a suitable adsorbent 
removes H2S is effective then, Co-Mo and nickel-Mo which are generally used widely as a hydrodesulfurization 
catalyst etc. ~ the method which removes the sulfur content in a raw material (an organosulfur compound and H2S) 
be considered combining these using a desul furization cataly st, using a zinc oxide as an adsorbent However, since it 
not effective and the above-mentioned devulcanizing agent using such aTgenerafl ^n)^^^ catalyst of a 
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desulfurization performance is inadequate if the hydrodesulfiirization itself does not make hydrogen pressure 
remarkable high pressure, it is difficult to decrease to 0.1 ppm or less aiming at a sulfur content. So, it is hard to appl 
such a devulcanizing agent to a fuel cell system and a general-purpose fuel cell system with an especially as low 
operating pressure as an atmospheric pressure - 10 kg/cm2 G grade. 

[0007] Therefore, it has hydrodesulfiirization function sufficient also by such low voltage, and the adsorption-treatm 
function of a sulfur content, and it has been an important technical problem to develop the high devulcanizing agent 
the desulfurization capacity that a sulfur content can be efficiently reduced to 0.1 pp m or less^ 
[0008] then, such a point -- taking into consideration -- this invention persons -- as tKeBeviilcanizing agent of 
hydrocarbons ..*♦****- it inquired by investigating widely whether the thing [ like ] is proposed Consequently, it 
became clear that the conventional devulcanizing agent is inadequate for realizing advanced desulfurization technolo 
made into the purpose. 

[0009] For example, the devulcanizing agent of nickel system is proposed by JP,2-204301,A as a devulcanizing agen 
to lamp oil. Although it is indicated that nickel content adds Cu and uses a zinc oxide as support at 30 - 70% into the 
explanatory note, there is no concrete publication of the concrete method of preparation of the devulcanizing agent, a 
desulfurization performance, etc. ' (Ju. - L-ry / pX- iJ^^ 

[0010] Moreover, they are a Cu:ZnsyjteiiLflLCjtZn;alumin^^ as a devulcanizing agent [ as opposed to town g 
(13A), LPG, and 'full-range naphtha in JP,2;302302,A j. The thing of a system supposes that it is effective. However 
the devulcanizing agent of these former of desulfurization results is inadequate. 

[00 11] that is, economically disadvantageous, since it is necessary to use a devulcanizing agent so much in order to 
fully secure the latter activity and the latter lives of a catalyst, such as a steam-reforming catalyst, when using a 
devulcanizing agent with such an inadequate desulfurization performance for the above fuel cell systems - it carries 
out and miniattirization of a system is difficult - etc. ~ there was a trouble 

[Problem(s) to be Solved by the Invention] The purpose of this invention develops the highly efficient devulcanizing 
agent to which low voltage can also fully remove a sulfur content from hydrocarbons efficiently comparatively. How 
remove a sulfur content from various kinds nf l^yHrnrpirhnn raw materials for fuel cells efficiently by using this 
devulcanizing agent, That is, it is in offering the efficient desulfurization method of the hydrocarbon raw material 
which is the method that hydrocarbons can be converted into the fiiel gas of a hydrogen principal component by the 
steam-reforming reaction at least, and it can be used very in favor of the fiiel cell system using the obtained hydrogen 
as fuel. 
[0013] 

[Means for Solving the Problem] This invention persons are devulcanizing agents () which consist of a specific 
component prepared with the m^thnH nf preparation called a conrecinitatinn method, as a resuh of repeating 

research wholeheartedly that the aforementioned purpose should be attained. Namely, by the devulcanizing agent 
which consists of copper, nir l^^l, ^nH a yinc oxide b eing very effective as a devulcanizing agent of various kinds of 
hydrocarbon raw materials for fuel cells, such as lamp oil, LPQ, and naphtha, and using this It found out that remova 
reduction of the sulfur content in this raw material could be comparatively carried out easily also by the low pressure 
even at the low concentration o f 0.1 ppm or le ss. Then, since the performance of a devulcanizing agent was improvin 
remarkably as a result of constittiting and evaluating the fuel cell system which performs desulfurization processing 
this hydrocarbon raw material for fiiel cells in advance of a steam-reforming reaction using this new highly efficient 
devulcanizing agent, acttially processes reformed gas according to a denaturation catalyst if needed, and is made into 
the ftiel gas for hydrogen content fuel cells, the activity of catalysts, such as a latter steam-reforming catalyst, was fu 
demonsti-ated, and it was checked that a catalyst life is also prolonged remarkably. Moreover, in the case of this 
devulcanizing agent, since sufficient effect was demonstrated even when the amount used was little, it was also mad 
clear miniattirization of a fiiel cell system, and that it could plan easily. This invention persons came to complete this 
invention mainly based on these knowledge and facts. 

[00 1 4] That is, this invention offers the desulfurization method of the hvdrocarbon ra\y material for fuel cells 
characterized by making the H^.^^i^^ni^ino ap^nt whirh r.nn<;ist«; of the cnpperTThe nickel, andtiiezinc oxide which 
preceded reforming to the fuel gas of a hydrogen principal component, and manufacttired the hydrocarbon raw mater 
by the coprecipitation method by the steam-reforming reaction contact. 

[0015] This desulfurization method can convert various kinds of hydrocarbons into the reformed gas of a hydrogen 
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principal component by the steam-reforming reaction, and can use it suitably as a means to fully remove a sulfur 
content from the hydrocarbon content raw material (namely, hydrocarbon raw matenal for fuel cells) which uses this 
reformed gas for manufacture of the hydrogen content fuel gas in various kinds of fuel cell systems of the type which 
carries out denaturation processing if needed, and which is converted and used for the hydrogen content fuel gas tor 
fuel cells. In addition, this desulfurization processing is carried out in advance of a steam-reforming reaction in that 



[00161 In the desulfurization method of this invention, the devulcanizing agent (hereafter, in order to distingmsh this 
from a general devulcanizing agent, it may be called a devulcanizing agent [A]) which consists of the aforementione 
specific devulcanizing agent, i.e., the copper manufactured by the co preci pitation m e thod; nirkel, and a zinc oxide at 
least that a sulfiir content should fully be removed from the aforementioned hydrocarbon raw material is used. 
[0017] Preparing by the coprecipitation method is important for this devulcanizing agent [A], and, generally it can be 
suitably obtamed by the method shovm below. 

[001 8] That is, in order to manufacture this devulcanizing agent [A], it is made to form by making the suitable 
precipitant for the solution of these raw material metallic compounds act, and making the precipitate which consists 
a rnnper component, a nickel co mEQagnt, and a zinccgmEonsnt at least coprecipitate first (in addition, it mentions la 
abmrtthe detail of the r^T^vial metallic compounds which use this precipitate for formation, a precipitant, and a 
coprecipitation method.). Thus, after ripening this precipitate made to generate by the coprecipitation method if need 
according to ** etc., it dissociates from liquid and it is rinsed if neede d. Thus, a particle-like solid-state is usually 
obtained. In this way, as for the obtained solid-state, it is desirable to usually calcinate, in suitable temperature 
(preferablv 300-600 degrees C) temperature after dryness at suitable temperature (preferably 100-120 degrees C). In 
addition as for this baking, it is usually desirable to carry out in an air air current. Furthermore, it is desirable to 
fabricate and use for .smlablfi-sizft the solid-state of the shape of a partic le, such as a baking object which carried out 
this way and was obtained, by tableting fabrication etc., after adding additives, such as graphite, if needed. 
[0019] The precursor of the devulcanizing agent [A] made into the purpose as mentioned above can be manufactured 
suitably. In this way, this obtained precursor usually consists of a copper oxide, nickel oxide, and a zi nc oxide at leas 
The aforementioned target devulcanizing agent [A] carries out reduction processing of the precursor of the shape of 
multiple oxide in suitable temperature (preferably temperature of 200-500 degrees C) in reducing gas atmosphere, su 
ashydrogen, carbon monoxides, or these mixed gas, can return a copper oxide and nickel oxid e. tQ a metal state , 
respectively, and can obtain it by considering as a co pper-nickel-zinc oxide . You may perform this reduction by 
diluting reducing gas with inert gas, such as nitrogen, suitably, for example. In addition, this reduction processmg m 
be performed in the desulphurization reaction machine in a fuel cell system, and you may carry out separately 

beforehand. , . , , . „• j 

[0020] If predetermined solution is obtained and a coprecipitation method is presented with each metallic compoun d 
(g^r.n pper compound, a nickel compound, and zinc compound ) which it faces manufacturing this devulcanizing agen 
[A] and are used for formation of the precipitate by the aforementioned coprecipitation method, there is especially no ' 
limit, for example, a variety of compounds are possible for them using organic acid chloride, such as inorgamc-acid 
salts,' such as a nitrate , a sulfate, and a chloride, and acetate, an alkoxide, an ammine complex, etc. Also in these, a 
rr.pppr nitra te nickel nitrate, and zinc nitrate are used especially preferably. 
[0021] Although ** which especially a limit does not have on the other hand as the aforementioned precipitant used 
formation of the precipitate by the aforementioned coprecipitation method, and selects and uses a suitable thing 
suitably according to other conditions, such as a kind of raw material metallic compounds to be used and compositio 
of the solution, is good Usually, a hydroxide or a carbonate o f alkali-metal elements , such as sodium and a potassiupi 
or an alkaline-earth-metal element etc. is used suitably, and can use these as remaining as it is or solution. Moreover, 
aqueous ammonia etc. is used suitably. 

[0022] In addition, the aforementioned coprecipitation methods are raw material metallic compounds (in this case) to 
be used like [ in the case of a general coprecipitation method ]. The kind of a copper compound, a nickel compound, 
and zinc compound, and composition of the solution, According to the kind and its use gestalt (or [ For example, ] it 
adds [ whether it adds as solution, or ] as it is, **) o f the precipita nt added or mixed, the mixed met hod of the solution 
of metallic compounds, and a precipitant, etc., there is various def ormation and various kinds of methods can b? 
^Ii£d. Although the solution in which a copper nitrate, ni ckel nitra te, copper compou nds, such as solution which 
dissolved zinc nitrate, the nickel compound, and the zinc compound a re generally dissolved is prepared, precipitants, 
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such as solution of a sodhmcarbonate, are mixed to this and the method of making itj roprecipitme is adopted suita b 
Various deformation:i^ich as a method which is not necessarily Umited to the method usmg the solution containing 

^j^tj^^ f p,.t.i p nn.^t. nf^nrj^^co pp er com pound. a nickel compound and a ^ . inc wmp oun^, and mixes a 

copper nitrate, ammonia nature solution, such as nickel nitrate, and the solution of zmc nitrate, is P^ssiWe^ 
r00231 By the above coprecipitation method, the aforementioned devulcanizmg agent [A] which consists ot copper, 
nickel and a zinc oxide at least can be obtained suitably. In addition, the rate of the copper component in this 
devulcanizing agent [A], a nickel component, and a zinc component is an ^to'^c mt^^^ ^'^^^ 
appropriate for it preferably [(1- 3 ):(l-5): (3-7)J and to select in the range of [(0.5-2.0 ):(2.0-4.0 . (5.0-7.0) . 
[00241 In the desulfurizatio n method of this ii ^^ention, it desulfurizes by contacting ah ydrocarbon raw m aterial 
various kinds of hydrocarbon raw materials for fuel cells) predetermined by the suitable reaction condition for he 
devulcanizing agent [A] manufactured as mentioned above, and the sulfiir content contained m this raw material is 

TmS] As a hydrocarbon raw material with which desulfurization is presented here, it can be aimed at the hydrocarb 
system raw material of one sort or the various composition which are contained two or more sorts of the hydrocarbon 
which can be converted into the fuel gas of a hydrogen principal component by the steam-reforming reaction, and on 
sort or the hydrocarbon system raw material (what makes alkanes a principal component preferably) contained two o 
more sorts is usually suitably used in various kinds of hydrocarbons in various kinds of boiling ranges from methane 
a gas oil fraction. Such a hydrocarbon raw material is not limited to the thing of a petroleum system and can apply t 
thing of various systems, such as a thing of a natural gas system, and a thing of a coal system. As what can be 
especially used suitably also in these, the hydrocarbon content gas which makes a principal component comparativel 
l ow-grad e alkanes, such as methane, ethane, a progane, and butane, naturaUa? or JMQ, va rious kinds of town gas, 
LPOynaphtha: lamp oil, and ^us gas oil can be illustrated. In addition, the sulfur content may be reduced by 
hydrodesulfurization beforehand usual in these hydrocarbons raw material. . . ^ -.^ „u:,u 

[0026] In this desulfurization method, as concentration of the sulfur content contained in he raw material with which 
the aforementioned desulfurization is presented, it is the weight criteria converted into Sulfur S, and ha whose Ol^ 
ppm are in the range of 5-65 ppm preferably u sually serves as a suitabl eobject. Here, as a sulfur content, these raw 
^feenaT s may contain only an organosultur compou nd (a mercaptanTs sufficient.), may contain only a hydrogen 
sulfide, and, of course, may contain both both. n u v 

[0027] Desulfiirization processing performed using the aforementioned devulcanizing agent [A] can usually be suita 
carried out by the reaction condition shown below. r .u- j if. ■ * 

[0028] In addition, when it contains an organosulfiir compound in the raw material to supply, as for this desulfurizat 
processing, it is usually desirable to carry out under coexistence of hydroge n. That is, the devulcanizing agent [A] 
manufactured by the coprecipitation method as mentioned above has the high chemisorption ability to a sulfur conte 
(especially hydrogen sulfide). On the other hand, as a sulfiir content, when it contains only a hydrogen sulfide, 
necessarily not adding hydrogen can also fiilly remove this by the adsorption reaction. Therefore, what necessao' i 
to add hydrogen and just to present desulfiirization processing according to a case. In that case, what earned out easy 
separately may be used for the hydrogen or hydrogen content gas to add, it may recycle and divert a part of hydrogen 
contained in the product after a latter steam-reforming reaction, or hydrogen content gas, and is good also by such 

[oSTiUs usually suitable for the reaction temperature in this desulfiirization processing preferably to select [ 280- 
^RO-Hepree C. ] in t he range of 330-360 degrees C . rcn rni / or- 

[0030] It is usually suitable 1 .0 - 10.0 kg/cm2 G and to select reaction pressure m the range of 5.0 - 6.0 kg/cm2 U 

foO^lTlt^s usually suitable for the space velocity of a feed preferably. 0.1-2.0h-l and to select in the range oiSLlAXf ^ 
1 as a liquid space velocity (LHSV) calculated from volume in case the hydrocarbons in the volume of the appearance 
ofthe devulcanizing agent [A] to be used and a feed are liquefied. r* *L^itnt-. 

[0032] In addition, it is suitable for the addition rate of hydrogen to us uallv select preferably more than a ymol toh. 
sulfur content (sulfur S) contained as an organosulfiir compound in a raw material in the range o fO.05-0.5H2 and N 

^^JA^^tion method in this desulfurization processing, although there is especially no limit, the continuation 
flow method by the fixed-bed method is usually used suitably. & 

c 
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[00341 The sulfur content m a raw material (an organosulfur compound and hydrogen sulfide) can fully be easily 
reduced to low concentration as mentioned above, and the hydrocarbon content product for low sulfur suitable as a r 
material of the steam-reforming reaction in a fuel cell system can be obtained efficiently. In addition, a sulfur conten 
the weight criteria converted into Sulfur S, and decreasing to ai ppm or le ss is usually desirable, and it can obtain 
easily the suitable hydrocarbon inclusion for the steam-reformmg reaction for such low sulfur by this desulfunzation 

mOSSmat is, since a sulfur content can fully be efficiently reduced from various kinds of hydrocarbon raw materia 
for fuel cells to low concentration by applying the desulfurization method of this invention in advance of the 
conventional steam-reforming reaction in a fuel cell system, you can suppress remarkably the fall of the activity ot a 
subsequent steam-reforming catalyst or a denaturation catalyst, and a catalyst life can also make it increase remarkab 
Moreover, since the devulcanizing agent [A] used for this method is remarkably excellent m the desulfurization 
performance compared with the conventional devulcanizing agent, there is also little the amount used much, and it c 
carry out, therefore desulfurizing-plant ****** can realize miniaturization of a fuel cell system easily. 
[0036] In addition, a latter steam-reforming reaction and latter denaturation processing can be performed by the meth 
as usual the desulfurization process by this devulcanizing agent [A] is only incorporated as a desulfurization process 
the preceding paragraph of the steam-reforming reaction process in the conventional fuel cell system, and it becomes 
possible to constitute the fuel cell system which was superior to before all the time. 
[00371 

[Example] Although the example and its example of comparison of this invention are shown below and this inventio 
is more concretely explained to it, this invention is not limited to these examples. 

[0038] 36 2g (three monohydrates) of example 1 copper nitra tes, 130.8g (six monohydrates) of nickel mtra te, and 
267 7g (six monohydrates) of zinc nitrate were dissolved in ion exchange water, 1.51. of mixed-water solutions of the 
metal nitrates was prepared, on the other hand, it dissolved in 159g (anhydrous salt) ion exchange water of sodium 
carbonates, 1.51. of solution of a sodium carbonate was prepared, and each solution was heated at 80 degrees C. 
Subsequently, after mixing these solution quickly, making precipitation form under 80-degree-C stimng and 
completing formation of precipitation, stirring was continued for 2 hours and it was made to ripe at 80 degrees C. 
[0039] Then by filtration, it dissociated fi-om liquid and precipitate w a s rinsed several times bv tliP ion exchange wa 
of optimum dose. In this way, after drying the obtained solid-state at 120 degrees C for 12 hours, it calcinated at 450 
degrees C among the air air current for 2 hours, and the powdered solid-state was obtained. The precursor (about 5m 
of mean particle diameters) of the devulcanizing agent which carries out tableting moldmg and which carries out 
addition mixture, and is made into the purpose so that this graphite content may become this powder with 5 /o of the 
weight about graphite was obtained. The devulcanizing-agent precursor obtained here was the constituent of the shap 
of a multiple oxide which consists of a copper oxide, nickel oxide, and a zinc oxide, and the composition was 
Cu:nickel:Zn =l:3:6 in A e atomic ratio. . 
[0040] Thus the thing for which the coil of the continuous-flow general-formula evaluation testing machine tor a 
desulfurization examination of the specified quantity is filled up with the devulcanizing-agent precursor manufacture 
by the coprecipitation method, and it is beforehand returned 300 degrees C among a hydrogen air current for 1 hour 
shown below, as the target devulcanizing agent (Cu-nickel-ZnO) ~ since - continuous-flow through and the 
predetermined desulftirization examination (acceleration evaluation examination) were performed for the mixture of 
hydrocarbon raw material and hydrogen in this devulcanizing-agent layer by the following reaction condition 
[0041] (Conditions of an acceleration evaluation examination) 

Desulftirization testing device: Continuous-flow general-formula evaluation testing machine (a coil with a bore [ ot 1 
inch ] and a length of 90cm is provided) 

The amount of the devulcanizing agent used: 60g (weight as a devulcanizing-agent precursor) \ ■ ^ {^y^ 

Supply hydrocarbon raw material: Lamp oil (content sulfur concentratiqn^2ppf»)>-=<\ 

reaction temperature: - 330 degree-C; reaction pressure: - 6 kg/cm'^:^LHSV(lh J|supply^H272^ - the res 
of this desulfurization examination (acceleration evaluation examinationTiS-sheWfrifi Table 1(036 Nl/p 
[0042] 36.2g (three monohydrates) of example of comparison 1 copper nitrates and 130.8g (sixmoTOfiydrates) of 
nickel nitrate were dissolved in ion exchange water, 1 2 1 g of zinc oxides powdered as support was added to the 
solution, evaporation to dryness was carried out, the obtained solid-state was calcinated at 450 degrees C among the 
air current for 2 hours, and the powdered solid-state was obtained. The precursor (about 5mm of mean particle 
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diameters) of the devulcanizing agent which carries ou t tableting molding and which cames out addition mixture an 
is made into the purpose so that this graphite content may become this powder with 5 % of the weight about graphite 
was obtained. The devulcanizing-agent precursor obtained here was a supported type constituent with which a copper , 
^v;H.^^nHjiickgl_oxide are sup ported hv the zinc oxide , and the composition was Cu:mckel:Zn-l:3:6 in the atomic 



[00431 Thus, using the devulcanizing-agent precursor of the conventional type manufactured by the sinking-in method 
this was changed into the devulcanizing agent (Cu-nickel/ZnO in this case) like the case of an example 1, and the 
desulfurization examination (acceleration evaluation examination) was performed on the same conditions as an 
example 1 using the devulcanizing agent of this conventional type. .... • x ui i 

r0044] The result of this desulfurization examination (acceleration evaluation examination) is shown in table i. 
0045] Except having used each commercial catalyst (product made from Nissan gar DORA) shown m Table 1 as tw 
to example of comparison 4 devulcanizing agent, it is the same conditions as an example 1, and the desulfurization 
examination (acceleration evaluation examination) was performed. . ^ • u • x v,i i 

[0046] The result of these desulfurization examinations (acceleration evaluation examination) is shown in table i. 

[0047] 



1 L C4-L/XV-' i \ 




m&^'^'pi^W^MS. (Ppm) 
(20h^<Of-;J') 




Cu - Ni - ZnO 


0.(H 




Cu - Ni/ZnO 


1.0 


mm 2 


Cu - ZnO 
(TPMSi) 


0.13 




ZnO 
(TffMp°a) 


4.0 




Co - Mo 
(rlfMD^d) 


0.4 



* Analysis of sulfur was based on the **** measuring method and the electric conductivity method. 
[0048] In the example 2 example 1, this was changed into the devulcanizing agent (Cu-nickel-ZnO) like the case of a 
example 1 using the devulcanizing-agent precursor manufactured by the coprecipitation method, and the 
desulfurization examination (accelerated-aging evaluation examination) was perfonned on the same conditions as an 

example 1 using this devulcanizing agent. • • ^ • u • x ui o 

[0049] The result of this desulfurization examination (accelerated-aging evaluation examination) is shown in laDie / 



[0050] 




[Table 2] 








24 




120 


0.1 



[0051] 



[Effect of the Invention] Since the highly efficient devulcanizing agent (namely, the aforementioned devulcanizing 
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agent which consists of the copper, the nickel, and the zinc oxide which were manufactured by the coprecipitation 
method [A]) to which low voltage can also fully remove efficiently a sulfur content (an organosulfur compound and 
hydrogen sulfide) from a hydrocarbon content raw material comparatively is developed in the desulflirization method 
of this invention and the devulcanizing agent is used for this. For example, a sulfur content is efficiently removable 
from various kinds of hydrocarbon raw materials for fuel cells, such as lamp oil, gas oil, LPG, town gas, and natural 
gas. Therefore, the fall of the activity of the steam-reforming catalyst by the sulfur content or a denaturation catalyst 
can be reduced sharply, and those catalyst lifes can be made to increase remarkably by preceding presenting a steam 
reforming reaction with this hydrocarbon raw material, and reforming it to the fuel gas of a hydrogen principal 
component, and performing this desulfurization processing. Moreover, since desulfurization capacity is remarkably 
high compared with the conventional devulcanizing agent, the aforementioned devulcanizing agent [A] used by the 
method of this invention can also reduce the amount to be used, and can KOMPAKU-ize the fuel cell structure of a 
system sharply by this compared with the conventional thing. 

[0052] That is, according to this invention, an operating pressure can offer especially the outstanding desulfurization 
method of the hydrocarbon raw material for fuel cells which can be comparatively used suitably as a desulfurization 
means of various kinds of hydrocarbon content raw materials in various kinds of hydrogen-buming type fuel cell 
systems including the fuel cell system of a low case below a 10kg [/cm ]2 G grade. 

[Translation done.] 
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